NMR and computer modeling studies of the conformations of glutathione derivatives at the active site of glyoxalase I.
The conformations of four derivatives of glutathione bound at the active site of the metalloenzyme glyoxalase I have been determined by NMR measurements and by computer model building using a distance geometry approach. Paramagnetic effects of Mn2+-glyoxalase I on the longitudinal relaxation rates of the carbon-bound protons of the substrate analog S-(acetonyl)-glutathione at three frequencies, the hydrophobic competitive inhibitor S-(propyl)glutathione at four frequencies, and the charged competitive inhibitor S-(carboxymethyl)glutathione at a single frequency were used to calculate Mn2+ to proton distances in each complex. These and previously determined distances from Mn2+ to the protons and 13C-enriched carbon atoms of the product S-(D-lactoyl)glutathione were used in a distance geometry program to compute the conformations of each enzyme-bound derivative which best fit the measured distances and other known constraints such as bond lengths, van der Waals radii, planar and trans-peptide bonds, and thioester linkages. The distance geometry program also provided a measure of the uniqueness of the conformations consistent with the experimental data. Extended Y-shaped conformations were detected for each of the bound glutathione derivatives, similar to the x-ray structure and the theoretically calculated conformation of glutathione itself, suggesting this to be a low energy form. Acceptable conformations of each enzyme-bound derivative fell into two classes with the metal either above or below the mean plane through the glutathione compound. The conformational uncertainty within each class was relatively small, ranging from deviations of 0.9-1.9 A in the average positions of each of the atoms. A small but significant difference in the conformation of the substrate analog as compared to the product was detected in the position of the reaction center carbon directly bonded to the glutathione sulfur atom. Unlike the second-sphere metal complexes formed by the bound substrate analog, the product, or the hydrophobic competitive inhibitor, the charged competitive inhibitor S-(carboxymethyl)glutathione binds farther from the metal, in the third coordination sphere.